Introduction
Transportation is a major component of global energy consumption. Only transportation sector consumes 13.8 million bbl/d as of 2013 [1] .
Current scenario of fossil fuel-a The amount of years of fossil fuel left in the world is as follow [2]-
Oil-35 years Coal-107 years Gas -37 years These alarming statistics are the motivation for the development of Hydraulic Hybrid drive train that significantly improves the efficiency of the vehicle as well as helps in reducing the emissions.
The majority of previous work present in the literature involving Series Hydraulic Hybrid drive train did not include the use of energy lost in breaking as well as suspension. A project on HHV done by Environment Protection Agency (EPA) shows 60-70% mpg improvement in city driving [3] . The focus of the paper is the Series Hydraulic Hybrid drive train. This system aims to utilize the power recovered from the suspension and breaking in order to increase efficiency and reduce fuel consumption.
Hybrid Vehicle
Any vehicle that combines two or more power sources that can directly or indirectly provide propulsion is a hybrid. Two auxiliary power sources have been found most practical: electric motor/generator combined with batteries and hydraulic pump/motors combined with hydraulic accumulators.
Hybrid Electric Vehicles (HEV) are being commercially produced. The shortcoming of HEV is the relatively low power density of both motor/generator and batteries at approximately 30-100 W/kg [4] .
HHV have a number of benefits over HEV-1) The power density of hydraulic pumps/motors and hydraulic accumulators is very high at approximately 500-1000 W/kg [4] . 2) Hydraulic components are less expensive then electrical components.
Series Type
In this type of HHV the Internal Combustion Engine is used to run a motor which is connected to an accumulator and a pump/motor. The hydraulic pump pressurizes the low pressure fluid to the pump/motor to provide required torque to turn the axle. Any excess high pressure fluid produced by the engine pump is stored in the high pressure accumulator. When acceleration is required the saved energy in high pressure accumulator provides the torque to turn the axle.
With the ability to shut off the engine, series hydraulic hybrids are estimated to improve fuel economy by 60 to70 percent [3] . 
Parallel Type
In this type of HHV the hydraulic components are simply connected to conventional transmission and drive shafts. This allows the system to assist the engine in acceleration, but it does not allow the engine to shut off, when power is not required. This leads to a lesser fuel economy than of the Series type. 
Comparison of Parallel & Series Drive train
The comparison between a Series hydraulic hybrid vehicle and a Parallel hydraulic hybrid is shown in the Table 1 . Thus we see that the series HHV gives us various advantages like greater efficiency and reduced emissions over the parallel type. In series type the engine can be shut off completely while idling and also while braking and power cruising, thereby reducing emissions significantly. It gives highest possible fuel economy with low incremental cost and highest possible savings. According to the requirements the series HHV greatly reduces fuel consumption and greenhouse gases. Series type is equally competent by both environmental and economic terms and is hence preferred over parallel type HHV.
Modified Series Drive train Model
To understand the concept and modification, a diagram of the system is provided in the accumulator. Thus, the energy generally lost in breaking is used to propel the vehicle.
Regenerative Suspension
A Regenerative suspension system based upon a hydraulic ram that replaces a standard shock absorber where the up and down movements of the suspension system drives an external hydraulic pump, which pressurizes the hydraulic fluid to the high pressure accumulator. Thus, the energy lost in suspension system is recovered and stored in the high pressure accumulator in the form of pressurized liquid. The energy stored in the high pressure accumulator is used to propel the vehicle.
To understand the working of Regenerative Suspension a conceptual diagram is provided in Figure 4 . The Piston is disposed in Fluid-filled housing. When the vertical motion occurs because of the bump on the road, the piston moves in downward direction and forces the fluid into the Fluid flow tubes. These Fluid flow tubes allows communication between the Piston Head and the Hydraulic Motor. When piston moves downward and forces the fluid into the fluid-filled tubes , the movement of the fluid results in the rotation of the hydraulic motor. The hydraulic motor is coupled with a hydraulic pump, which connects the low pressure accumulator to the high pressure accumulator. As the hydraulic motor rotates due to the shock created by a bump on the road, because of the coupling, the hydraulic pump also rotates and pressurize fluid from low pressure accumulator to the high pressure accumulator. An accumulator at the end of the stroke is provided to compensate the increase in volume of the fluid-filled housing because of the piston rod volume.
It is required that the hydraulic motor operates in a single direction. For this an electronically controlled valve system with check valves is proposed. The check valves ensure that the fluid is not returned to the pump to back-drive it. When open, Electronically controlled valve system allows the fluid to pass through to it to the compression volume. The compression volume is in selective fluid communication through a check valve to the extension volume. When the piston is compressed, fluid flows from the compression volume to the extension volume, but flow cannot go in the opposite direction. The compression volume is also connected through a second electronically controlled valve to both the input port of the hydraulic motor and an accumulator that is sized to be at least large enough to accommodate the piston rod volume introduced during a compression stroke [5] .
Component Energy Equations
The energy equations of power flow for the components in the drive train are developed. The power flow from the Engine A, Pump B and Pump F is always positive or zero.
The power flow for all the other components can be either positive or negative. For example Pump/Motor D either works as a Motor while propelling the vehicle or acts as Pump while slowing the vehicle (breaking).Pump/Motor D while acting as a motor the power flow at 5 is equal to power flow at 4 multiplied by the motoring efficiency of the component. On the other hand, while acting as a pump the power flow at 4 is equal to power flow at 5 multiplied by the pumping efficiency of the unit. The power flow equations for all the other components can be found in Table 2 . . We are taking an average fuel saving of 65% to assist our calculation.
So now the improved mileage of series hydraulic hybrid becomes (0.65*4+4=6.6) km/l to (0.65*5+5=8.25) km/l I.e. 6.6 km/l to 8.25 km/l
Regenerative Suspension
We have used regenerative suspension in modified series hydraulic hybrid drive train. A group of MIT students developed the model of regenerative suspension and estimated a fuel saving of 10% [5] . So by using the modified drive train, the fuel saving due to regenerative breaking and regenerative suspension becomes 7.3-9.08 km/l
Cost Efficiency Calculations
Cost 
Comparison Table

Conclusion
Since fossil fuels are running out at a tremendous rate it is the need of the hour to look for competent alternative technologies. Hybrid electric vehicles have been commercialized and are successful. The hydraulic components used in the HHV are less costly than the electrical batteries and motor used in the HEV, making it more cost effective. Also the increase in efficiency in HEV is 20-30% whereas in the HHV it is 60-70% [3], which makes it a better alternative technology. Yet there is a need of further work in the area of more efficient hydraulic pumps and motors.
